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0 Power line communication Interference preventing circuit 



0 A tuned circuit [Rg. 2 (62)] is provided for connection to a transmitter [F^. 2 (68)1 of a power Hne 
communication system. Tlie tuned circuit compHses components selected to provide a (ow impedance path to 
ground for a power line communication signal [Rg. 1 (Si)] of a preselected frequency. Wlien the transmitter is 
not In the process of transmitting a power line communication signal, It causes a shorting switch [Rg. 2 (SW1)1 
to be closed which shorts a secondary winding [Rg. 2 (72)] of a transformer [Rg. 2 (Tl) of the tuned circuit 
Therefore, during periods of time when the transmitter Is not transmitting power line communication signals, 
spurious signals [Rg. 1 (S2)] on the power line [Rg. 2 (12)] are diverted to ground and not pennltted to travel to 
remote receivers [Rg. 1 (36A-36D)] connected to the power Hne distribution system. 
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POWBt LINE COMMUNICATION INTERFERENCE PREVENTINQ CIRCUIT 

Bectric uAWtjp compsniss ufflizs power line communfcafion systems to provide a means for a central 
station to communicatg conainai id s^ais to remote rectfvecs yriakb am focated at the sites of electric 
energy consumers. Im sonfie appHcafens of power Hne comrnimbaiiork systems, the remote receivers are 
configured as one-way devices which are abfe to receive commands from the central station and follow 

6 those commands which are. typically, instructions to shed a predetermined electrical load, such as a water 
heater or other nonessential devices, during periods of time whien the electric utility experiences peak load 
demands. Power line communication systems can also be utiftzed in association with two-way remote 
de\4ces which can also transmit information from the location of an electric energy consumer to the central 
station. These types of devices can be used to transmit electric ertergy consumption infbrmation or other 

to types of data. 

In ^er a one-way or e two-way power line communlcatton ^pstem, a central station formulates a base 
band data message according to a. preselected protocol This message can be a command, intended fbr 
receipt by a remote receiver, to shed nonessential loads or to respond with a subsequent transmission 
containing data relating to infbnnnation that Is stored at the remote location. After the central station 

16 formulates the message in the form of base band data, the base band data bits are then used to modulate a 
high frequency signal Altitough many different high frequency signals can be utilized in tiiis type of system, 
a typical frequency is 12^ kilohertz. The modulated ^gnal is tiien imposed on a power line that is 
connected to both the central station and the remote receivers to which the message Is directed. When a 
remote receiver detects the presence of an incoming message on the power line, it demodulates the 

20 message and examines tiie base band data bits contained tiiersin. 

In a typical application, each remote receiver is provided with a unique address and, furtiiennore, 
groups of remote receh/ens are provided witii blodc addresses. This permits tiie electric utility to address 
each receiver incfividually when required or. aHematively, to send a command message to an entire group 
of receivers simuttaneously. When the central station wishes to command a remote receiver to read Its own 

25 meter values sst6 respond wHih a return transmission back to the central station containing this data, 
Individual addressing is utiPtzed. However, if ttie central station wishes to cause a group of remote receNers 
to shed their loads during a peak demand period, block addressing is used. 

When a remote receiver detects tiiat an incoming power line communication message is present on the 
power line, it detects ttie message and demodulates it Once demodulated, ttie message can be examined 

30 by the remote receiver to determine whetiier or not ttte message a>ntains its proper individual address or 
block address. In this way, tiie remote receiver can determine whether the message is addressed to it or to 
ottier remote receh/ers. if neither tiie block adcfress nor the individual address contained In tiie mess^e 
applies to the remote receiver, the message is ignored. 

U.8. Patent No. 4,065,763 discloses a distribution network power line communication system and U.S. 

35 Patent No. 4,142,178 discloses a high voltage signal coupler tiiat is used in a distribution network power Hne 
communication system. When power line communication signals are intended to travel a significant 
distance on tiie power line, repeaters are used to receive and retransmit tiie signals as tiiey travel from the 
transmitter to the remote receiver. U.S. Patent No. 4,032.911 discloses a signal repeater for use in 
conjunction witii a power line distribution system. 

40 A typical application of a one-way remote receiver tiiat is capable of responding to load shed 
commands is disclosed in U.S. Patent No. 4,130,874 describes a load management terminal having plural 
selectable address formats for a -power line communication system. Also, U.S. Patent No. 4,355.303 
discloses a receiver for a distribution network power line communication system. 

When a remote receiver receives a message on tiie power line, it must demodulate it to obtain the base 

45 band data signal contained therein. Atttiough many types of modulation schemes are known to tiiose skilled 
In the art, one particular type of modulation technique that is applicable to power line communication 
systems Is a phase shift keyed (PSK) system. U.S. Patent No. 4.379,284 discloses a coherent phase shift 
keyed (OPSK) demodulator for use with a power line communication system. A distribution network 
communication system utilizing flexible message routes Is disclosed in U.S. Patent No. 4,427,968. U.S. 

50 Patent No. 4.573,170 discloses an apparatus and metiiod for sampling multiple carrier ^gnals when tiie 
receiver is used in conjunction witii a three phase power line and U.S. Patent No. 4,467.314 discloses an 
electric utility communication system witii a field insulation tenminal and a load management terminal. 
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As more and more electrfc utility companies utiiize the power lines to communicate with remote 
receivers, certain problems can be experienced. If two power lines which employ these types of commu- 
nication systems are connected together, transmitted messages can travel aJong the power lines to 
destinations for which they are not intsndect This can occur when two Independent power line communica- 

^ ^ contained wWtia a (Mribution system or when two dstributton systems are 

curiUuned within fte same efsctrlc ulffity grfi± B cpe r f sn ce incBcates that power line communication signals 
can t>e receh^ed from a transmitter that Is over 75 miles away from the effected receiver and, theoretically, 
power line communication signals could travel In excess of 100 miles. Therefore, although there may be 
various devices connected to power tine systems that can effectively biodc the transmission of these 

10 signals, it is apparent that» when a transmitter transmits a power line communication message, many 
unintended receivere can possibly receive the transmission. This situation presents two distinct problems. 
First, a receiver could respond to a command that was not Intended for Hs receipt and shed a load at an 
inappropriate time. Secondly, a reoeivw can be occupied in the process of receiving and demodulating a 
message that was not Intended fbr It and thereby ignore another message that Is intended for its receipt 

76 and response. 

Various techniques are is'esontty being utIKzed to avoid these problems, but they are not infallible in 
operation. Fbr example, various cffiiBrent frequencies are used by different power line communication 
systems. Since each receiver Is provided with a demodulator that Is designed to receive and demodulate a 
particular frequency, it will ignore messages of different frequencies. However, the number of applicable 

2a frequencies is finite and the possibility exists that two independent power line communication systems will 
utilize the same frequency. The use of Individual and block addressing is helpful in preventing a remote 
receiver from Inadvertently following a command which is not Intended for its receipt However, there is a 
finite limitation on the uniqueness of individual addresses and, in the case of blodc addresses, It is likely 
that different electric utility companies will utilize similar numbering schemes to Identify its btock addresses. 

25 Furthenmore, even when addressing schemes can be used to avoW the situation in which a remote receiver 
Inadvertently follows a command Intended fbr another recehrer, the Interference problem described above 
still exists. A remote receiver can be occupied during the demodulation of a spurious message and thereby 
miss the receipt of a message intended fbr its response. 

Therefore, it woukt be helpful to develop a device that prevents the receipt of power line oommunication 

aa messages by receivere fbr whtoh the messages were not intended regardless of the block address or 
indivkJual address contained In the message. 

The object of this Invention therefore is to provide a power line communication device that can be used 
to prevent the receipt of pow^ line communication messages by receivere for which the messages were 
not intended. 

36 With this object In view, the present Invention provides a means for connecting a transmitter in signal 
communication wHh a power line system. A transfonner, having a primary winding and a secondary 
winding, is connected between the transmitter and the power line. The present invention is characterized by 
means which Is provided for electrically tuning the circuit connected between the transmitter and the power 
line so that it provides a low impedance circuit path between the power tine and ground potential for a 

40 preselected frequency- The present Invention also provides a means for shorting the secondary winding of 
the transformer during time periods when the transmitter is not being utilized to transmit messages. 

The Invention further provides that the circuit disposed between the power line and the transmitter is 
tuned for the frequency that Is used for power line communication message Intended for receipt by 
receivere that are associated with the transmitter. For example, if the transmitter and its associated remote 

4S receivers utiiize a 12.5 kiioherte frequency to be modulated witti base band data message transmitted 
therebetween, the components of the circuit would be chosen to provide a tuned circuit that is tuned for 
12.5 Idiohertz. 

The present invention will be more fully understood from a reading of the description of the preferred 
embodiment In conjunction with the drawing, In which: 

60 Rgure 1 illustrates an exemplary power line system with two transmfttere and a plurality of remote 

receivers; and 

Rgure 2 illustrates ttie presBrtt Invention in greater detail along with a transmitter and a portion of a 
power line. 

The present invention relates generally to power tine communication systems and, more particularly, to 
SB a device for bkx:ldng imerference signals from traveHng on the power fine to remote rec^vere when the 
signals are transmitted by other than a preselected transmitter. 
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The present disclosure is operative so that the transmitter used in association with the present invention 
will maintain the shorted secondary of the transformer during periods when it is not transmitting messages. 
Immediately prior to the transmfssioif of power ifna communication signals, the transmitter opens the 
shorting means, or switcfr, and fransmlts its signals by fmposfng the modulated messages on the secondary 
s winding of the transformer. ImmediatBfjr after compiling the transmission, the transmitter closes the 
shorting switch that shorts the secondary winding of the transfbnmer. The components of the tuned drcuit 
are chosen so that in combination with the primary winding of the shorted transformer, they provide a low 
impedance circuit path between the power line and ground for the frequency of its modulated messages. 
During periods of time when the transmitter Is not transmitting, any modulated signals appearing on the 
ta power line between the transmitter and its remote receivers will experience a low impedance path to ground 
and will be diverted away from the remote receivers. During periods when the transmitter Is not transmitting, 
any spurious signals that emanate from a distant transmitter will therefore be diverted away from the remote 
receivers and inadvertent receipt of these transmissions by the remote receivers will be avoided. When the 
secondary winding of flie transfbrmer is shorted, by a shorting swHch, no signals of the prescribed 
tff frequency can travel on the power tine to the remote receivers since these signals will be diverted to 
ground through the tuned circuit of the present Invention. 

Rgure 1 Illustrates a portion of a typical power line system having a power generation station 10 
connected to a transmission line 12. In Rgure 1, two distribution systems are illustrated. A first system 14 
receives its power from, the transmission line 12, along line 18, through a step down transformer 20 and 
so along dlstnl)ut'on feeder 22. The bus voltage delivered to feeder 22 is further stepped down by transfomier 
24 for a plurality of remote consumer locations. 26a-26d, which are connected to line 28. 

Simllariy, a second distribution system 16 is connected to the transmission line 12 through line 30, step 
down transfbnner 32 and feeder 34. A plurality of consumer locations, 36a-36d, are connected to the 
distribution feeder 34 by another step down transfbrmer 38 and line 40 as Illustrated in Rgure 1. 
zs It should be understood that other consumer locations would typically be connected to the f^er 22 In 
(fistribution system 14 and, simllariy. other consumer locations would be connected to the feeder 34 of 
distribution system 16 as indicated by the dashed extension line of Hnes 22 and 34. Furthennore, it should 
be understood that each of the consumer locations (u^ 28a-28d and 36a-36d) is provided with a receiver 
for the purposes of receiving signals transmitted by Its associated transmitter. For example, transmitter 50 
ar Is connected to distribution line 22 by 8 coupflng capacitor 52 and can therefore transmit messages to its 
associated remote recehrers at locations 2ea-26d. These transmission signals SI would be imposed on the 
power line by the transmittBr 50 through coupling capacitor 52 and are intended to pass along the feeder 
22, through transfbrmer 24 and on Qne 28 to the remote recehrers at iocatlons 26a-26d. Simllariy, In the 
second dtstributton system 16, a transmitter 54 is coupled to distribution fine 34 by a coupling capadtor 56 
for the purposes of transmitting signals to remote receivers located at locations d6a-36d. These signals S2 
are intended to travel through the coupling capacitor 56, along the feeder 34. through transformer 38 and on 
line 40 to the remote receivers at locations 36a-36d. In this manner, transmitter 50 can communicate its 
command signals to its associated receh/ers at locations 26a-26d and transmitter 54 can transmit its 
command signals to Its associated remote receivers at locations 36a-36d. 

As described above, problems can exist when two distribution systems, such as distribution systems 14 
and 16. are connected to a common transmission line, such as line 12 In Rgure 1. An exemplary problem Is 
illustrated in Rgure 1. A transmitted signal S2 from transmitter 54 Is transmitted for the purpose of 
communicating a command signal to its remote receivers at locations 36a-36d. but that signal S2 also 
propagates ttirough substation power transfbnr^er 32, line 30 and transmission line 12 toward distribution 
system 14. The signal can then pass through substation power transformer 20 to feeder 22 and tiien, 
through transformer 24. to the remote receivers at locations 26a-26d. it must be understood ttiat signal S2 
IS not intended for receipt by the remote receivers in tfie first distribution system 14 and any receipt of 
signal S2 by the remote receivers in distribution system 14 is unintended and could possibly cause 
deleterious results. For example, the remote receiver at location 26a could possibly have the same 
individual address as one of the remote receivers in distribution system 16 or ttie remote receh/ers at 
locations 26a-26d could have the same block address as a block of receh/ers in the second distribution 
system 16. Even if this coincidence of Identification addresses does not occur, the remote receivers at 
locations 26a-26d could be occupied in the process of demodulating signal S2 while transmitter 50 attempts 
to transmit its own signal SI that is intended for receipt by these remote receivers of the first distribution 
system 14. If this occurs, it Is likely ttiat the remote receivers of ttie first distribution system 14 will Ignore 
signal Si because ttiey are occupied wfth ttie effort of actively demodulating ttie slightiy eariier signal S2 
and would nomialiy consider signal Si to be signal noise. 
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The function of the present Invention is to permit the transmitters, 50 or 54. to block Incoming signals 
from other distribution systems and thus prevent those spurious signals from being transmitted along the 
power line to its associated remote receivers. For example, transmitter 50 would be equipped with the 
present invention so that It couict blocic signal S2 from propagating to the remote receivers at locations 26ar 
e 2ad In- oper^on. what transnrttler 50 Is not in the process of transmitting a signal to Its remote receivm, It 
would do» s shorting switefr that would cause the spurious signal S2 to pass directly from power 
trwtsfbrmer 20 to ground and thereftw not propagate along feeder 22. Therefore, although the signal 82, 
transmitted by transmitter 54. would likely pass through transfonner 32 onto transmission line 12, It would 
be diverted and not pennltted to travel onto feeder 22 and its associated remote receivers. 

la Rgure 2 illustrates the preset Inventfcwi In greater detail. It should be understood that the portkwi of the 
power line system illustrated in Rgure 2 Is a portion of the larger segment of the power line system 
illustrated in Rgure t. In Rgure 2, the transmission line 12 and its associated substation transfonmer 20 is 
shown amnected to the feeder 22 in a manner similar to that shown In Rgure 1 of that portion of 
distrttsutian. system 14 Viewing Rgures 1 and 2 together, it should be understood that the transmitter 50 of 

TC Rgure 1 is a simplffied Illustration of a device which contains both a transmitter portion and a tuned circuit 
portion. In Rgure 2, the transmittBr portion is Identified by reference numeral 64 and the tuned circuit 
portian Is identified by reference numeral 62. Both the tuned circuit portion 62 and the transmitter portion 64 
are represented. In a simpler fbrm, by ttte box representing the transmitter 50 In Rgure 1. 

The tuned circuit portion 62 of the present Invention comprises a drain coil LI connected to a capacitor 

20 C1 and a matching inductor L2. These components, along with a protective gas tube 88, are connected to 
the primary winding 70 of a transformer Tl. Transformer Tl has both a primary wbiding 70 and a 
secondary winding 72. The drain coil Li is connected to ground 74 as shown in Rgure 2. The other end of 
the drain coil LI Is connected to the feeder 22 by a coupling capacitor 52 which was discussed above In 
conjunction with the distribution system 14 In Rgure 1. 

2ff In the transmitter portton 64 of ttie present Invention, a transmitter 66 Is connected to the secondary 
winding 7 2 of transfbnmer Tl. A switch SWI Is provkJed and is connected between the tennlnl of the 
seaoitey winding 72. Switch SWI is controlled by the transmitter or a related microprocessor and can be 
opened or closed on command. When transmitter 66 intends to transmits a message to its related remote 
receavffl^it opens switch SW1 and imposes the modulated signal onto the secondary wincDngs 72 of 

atr transformer Tt. However, when transmitter 66 is not actively transmitting a message to its remote receWere, 
switch SWI is closed and the secondary winding 72 of the transfonner T1 is shorted. 

Wh©T ttie secondary winding 72 of transfonner Tl Is shorted by the shorting switch SWI, the tuned 
droiit 62 provides a low impedance path through coupling capacitor 52 to ground 74 tor a particular 
frequOTcy. Atthough many different comblnatton of components can be selected to provide a tuned circuit 

» far a pa rticular frequency stgnal, Table I illustrates an exemplary list of component values used In a 
prefisrred embodiment of the present Invention for the purpose of providing a ttjned circuit with a lower 
impedance path to ground for a signal of 12.5 kllohertz. 



so 



TABLE I 

Reference Numeral Type or Value 

CI 1 yf , 600 VDC 

LI 7 mh 

L2 430 yh 

SWI Normally closed 

relay contact 

Tl Adjustable-tap 



matching 
transformer 

« 52 ^61 m£, 15 KV 

68 TII 358 
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When swjtdT SW1 is closed and the secondary winding 72 of transformer T1 is shorted, the spurious 
signal S2 is dlrrcted to ground 74 and not along feeder 22. Refening again to Rgure 1 , the spurious signal 
S2 was transmiUed by transmitter 54 with the intent of communicating a command message to its related 
remote reosiveis et locations d88r36d, but aisa propagated through transformer 32, along the transmission 
Rne 12, through sub^attort transformer 20 and onto feeder 22. Refening again to Figure 2, the spurious 
agid' S£ that travel through substatron transformer 20 pass^ directly to ground 74 because of the fact 
that the tuned circuit portion of the present invention provides an extremely low impedance path to ground 
74 and thus prevents the passage of the spurious signal S2 along feeder 22 toward the remote receh^ers at 
locations 26a-26d which are illustrated In Rgure 1. 

Although the present invention has been particularly described with reference to phase shift Iceyed 
(PSK) modutation techniques and an example of a 12.5 kilohertz signal has been used throughout this 
discussion, it should be understood that the present invention Is not limited to use with any particular 
frequencF ^ slgn^ The transmittM^ 66 that is utilized In association with the present invention can be 
virtudly aiy typs of tcansmitlBr that Is suitable for imposing a signal onto the secondary winding 72 of a 
transformer Tt. 



Claims 

t. A power line oommunfcation device, comprising: 
means fair Gonnectihg a tcswrriitler In signal communications with a power line, said connecting means 
comprising a transfdnmer having a first and a second winding, said second winding of said transformer 
being connectable to said transmitter, said first winding of said transformer being connected in signal 
communication with said power line; and characterized by: 

means electrically connected to said connecting means ior tuning said connecting means to provide a low 
Impedanod circuit path between said power Dne and ground potontiai for a preselected frequency signal 
when sad second winding is shorted; and 

means fbr shorting said second winding, said shorting means being switchable between a shorting position 
and a nonshorting position. 

2. The device of claim 1 wher^n: 

said tuning means comprises an inductive portion and a capacitive portion, said Inductive and capacitive 
portions being associated together to tonn a circuit said circuit being tuned to provide said low impedance 
path tor said preselected frequency signal when said second winding is shorted. 

3. The device of daim 1, wherein: 

said shorting means comprises a switoh connected between termini of said second winding, said switch 
being operable between a first state and a second state, said second state being effective to short said 
second winding. 

4. The device of claim 3, further comprising: 

means for controlling said switoh, said controlling means being associated with said transmitter to short said 
second winding when said transmitter is not transmitting. 

5. The device of daim 4, wherein: 

said controlling means is operable to cause said switoh to assure said first state when said transmitter is 
transmitting. 
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